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SUMMARY

Methods are presented for constructing charts sultable for adjusting
to standard values plats test results for the critical compressive stress
and the average stress at maximum load. The methods -take into account the
difference between the compressive properties of the material used for the
tests and those upon which the design 1s to be based. Illustrative charts
are included for extruded 24S-T and 755-T aluminum alloys.

INTRODUCTION

The results Of tests to determine plate compressive strengths, as in
the case of columns, cannot be used directly for deslgn purposes, because
the compressive properties of the materiel used for the tests ordinarily
differ from the standard values to which the deslgn is to be made.
Methods are consequently necessary for adjusting plate test results for
differences in compressive properties.

Extensive tests were made recently to evaluate the plate compreseilve
strength of various alrcraft structural materials (see summary paper,
reference 1) and to show how the compressive strength of plates could be
determined from the compressive stress-straln curve for the materiael. The
conclusion was reached that the critlical compressive stress for the extruded
Plate assemblles could be cbtalned epproximately by the use of the secant
modulus of elasticity. (See also references 2 and 3.) On the basis of
these tests, methods have been devised for adjusting for differences 1n
material properties plate test results for the critical compressive stress
and the average compressive stress at maximum load.

For convenlence in adJjusting plate test results, charts providing
ad Justment factors ars useful for design purposes. This paper therefore
presents methods for constructing such charts and includes 1llustrative
charts for extruded 24S—T and 75T aluminum alloys.
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SYMBCIS
€cr calculated elastic critical comprelssive strain
Stegt compressive straln teken fram compressive stress—strain curve
for materlal tested
Tteat compressive stress corresponding to etggt
Cgtd cgmpressive stress taken from standard stress—strain curve
LR result for critical compressive stress
Oergiq valus of OCryont adjusted to standard valus
Emaxtest test result for average c-ompressive gtress a.t. maximm load

Omax 4 valus of Emaxtes % adjusted to standard value

¥ compressive yleld stress (0.2 percent offset)

OCYiost compressive yleld stress taken from stress—strain curve for
material tested (0.2 percent offeset)
OCygtd compressive yleld stress taken from standard stress-straln curve
0.2 percent offset)

Kor adJustment factor by which Oeryost is to be miltiplied to obtaln
G
CTytd.

Kmax ed justment factor by which Umaxtes " is to be multiplied to

obtain a‘maxs +d

c constant '

CHARTS

Charts for adjusting to standerd velues plate test results for the
critical compressive stress and the average stress at maximum load are ghown
in figures 1 to 3 for extruded 24S-T and 755-T eluminum alloys. In the
following sections, the principles upon which the charts are based are-
presented and the accuracy and range of appllcatlons of the charts are briefly
discussed. T :
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compressive stresgs.— The results of the tests
of the B—, Z—-, and C(channel)-gection plate assemblies for extruded aluminum
and megnesium alloys showed that the baslc relatlonship between the test
results for ths critical compressive stress Ocriest and the calculated

elagtic critical compressive strain ¢., 18 given approximately by the

gecant modulus of elastlcity taken from the compresslve stress—strain curve
for the materiel (see reference 1l). Hence for a given value of €crs

the adjustment factor K,,. by which Oerogt 1ls to be multlplied in order
to obtaln the standerd value Ucrstd is determined by the ratio of the
compressive stress ogtg taken from the standard stress—strain curve to

the compresslve stress oOiggy taken from the stress—strain curve for the
material tested. Thus,

Sorgyg = Kbrccrtest ' (1)
where
_ 9std
Cr * Ogegt

When values of Ocriest and €cr and the stress—straln curve for the

material tested and that for the standard design are glven, values of
Oorgig D&Y be readily determined from eguation (1). Such a procedure,

however, 1s not as convenlent as the use of adjustment charts of the
nondimensional form given in the ANC—5 bulletin (reference 4) in which only"

the ratios Ucytest/bCYstd ‘end Ucrtest/UCYtest are required. Methods

for constructing such charts, based upon equation (1), are therefore included
and, because of the detail involved, are given in the appendix.

The accuracy of the charts depends flrst upon whether the buckling
gtress—gtraln curve (Ucrtest plotted agalnst e€cr) and the compressive

stress—straln curve for the materiasl are affinely related and second upon
.whether the familles of compressive stress—~strasin curves for a given material
are themselves affinely related. For the first condition, the curves are
affinely related if ome curve can be obtained from another by the trans—
formation. Ucrtest = COpogt 804 €,y = C€pogy, Where C  is a constant

and €tggt 18 the strain corresponding to oiggy from the compressive

gtress—strain curve for the materlal tested. Reference 1 showed that the
secant—modulus relationship 1ls an approximaste one which varles somevwhat
for different meterlals and types of plate assemblles. The test results
(reference 1) together with unpublished data, however, indicate that an
affine relationship between ‘buckling stress—strain curves and compressive
stress—strain curves may be expected for a glven material and type of

plate assembly. Consequently, the value of C 1is approximately a constant
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for a glven materisl and type of plate. With regard to the second condition — ’
whether stress—strain curves for a glven material are afflinely related —
observatlon has shown that such a relationship often actuelly holds to a

good degree of approximestion (see reference 5). If affine relationships hold
for both conditlons, equation (1) is valid and the charts will provide an
accurate method for adjusting Ocriggte Furthermore, if both these conditions
are met,the method is general and may be applied to other than extruded
materials and E— Z—, and C—sectlons.

: The marked differences between the charts for extruded 24S-T and
758-T aluminum alloys (see f£igs, 1 and 2) emphasize the fact that a chart
guitable for one material cannot generally be used for another.

Charts for the average stress at maximum load.— For stresses greater
then three—fourths the compressive yleld stress ogy, ad jugtment charte such

as shown in figures 1 and 2 for Oorigqy ©82 also be used to adjust

tost results for the average stress at maximum load because

‘maxiest’
Tmaxiegt is approximstely equal to Ocrigat in this hlgh-stress region

(see reference 1). The sams principles and methods for constructing
adJustment charts for OCry o gt ? consequently, apply to correction charts for

Omaxiggte Thls method of adjusting Omaxtegt CaR be sald to be about as

general with regard to application to different materials and types g? plates

as 1s the method when used to adJust Ocriggye For stresses below Ocys
however, this method 1s no longer valid because values of Omaxyest becoms

much greater then Ogpy .. 88 Ogpy., 18 reduced (see reference 1).
A method for approximately adjusting Omaxiggy OVOT the entire stress

range was obtained from an anelysis of the data of reference 1 from which
the following empirical relationship was found

a = Kﬁaxaﬁaxtest' (?)

vwhere

An edjustment chart based upon equation (2) is shown in figure 3. This.
chart evidently can be applied to B—, Z—, and C—section plate assemblies of |
extruded 24sS-T, T5S-T, and R303-T aluminum.alloys. Application of the .
chart to thse test results for extruded ZK6OA megnesium alloy in the high—
stress reglon (reference 1), however, did not give satisfactory results, and’
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there 1s no reason to believe that this method and the relationship upon
which 1t is based are nscessarily sultable for materlals or types of plate
assembllies other than those prevliously mentioned. As a matter of fact, for
stresses greater than i Ocy Where the method for adjusting dgp, .. 2180
applies to @,

mexye gt Knex 18 & functlon of Ucrtest/GCYtest
Ucystd/gcytest (see equation (2)) so that a single adjustment curve (see

fig. 3) is not theoretically adequate for accurately adjusting Omaxio.y 1R
the hlgh—stress region.

as well as

VERIFICATION CF CHARTS

In order to provide a verification of the charts for adjusting plate
compressive strengths, values of OCriggt and Emaxtest from reference 1

for B-sectlon plate assemblies are adjusted and compared wlth similar test
data having different values of ocy. Because the principles of the methods

apply equally well to B—, Z—, and C-sectlon plate assemblies, only H—sectlons

are dealt wilth. Values of cr‘_,‘y thet apply 1in each case take into account

the variation of Ocy OVer the cross section of thes H—sectlions and were
obtelned by calculating a welghted average of the values of Ocy for the
flange and web based upon the areas of these elements (see reference 1).

The critical compressive stress.— In figure %, values of. Oeriest for

extruded 24ST aluminum-elloy H-sections (acy = 46.8 ksi, reference 1)

were adjusted by means of the chart (fig. 1) for comparison with similar

unpublished test results for which Toy = L0.0 ksi. Good agreement is

indicated between adjusted and comparative test results for the extruded
24S T eluminum-alloy H-sections. '

In the absence of test data on two sets of T7T5S-T aluminum—elloy

H—sectlons of widely different properties, values of ccrtest from reference 1

for extruded 758-T aluminum elloy (ocy = 78.1 kei) were adjusted for
~ comparison with similar test results for R303-T aluminum alloy for which
- Ogy = 71.8 kei. (See fig. k.) The less satisfactory agreement in this case

is believed to result primarily because the correlation of the test results
with the compressive stress—straln curves was not quite the same for the two
materials (ses reference 1). This lack of agreement again emphasizes the
point that the sams chart cannot ordinarily be used indiscriminately for
different materials 1f accuracy 1s desired.

age sty oad.— In figure 5, values of Emaxtes'b

from reference 1 for extruded T5S-T and 24S-T aluminum—alloy H-sections are
ad justed by means of the chart (fig. 3) for comparison, respectively, with
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similar data for extruded R303-T (from reference 1) and 24S-T (unpublished
date) aluminum alloys. The falrly good agreement in each case between the
ad Justed end comparative values of qmaxtest for the H—sectlons indicates

that the chart (fig. 3) can apparently be applied to a number of extruded

aluminum alloys. This conclusion, however, is in some respects misleading.

As previously mentioned, a single curve (fig. 3) cannot be expected to
provide an accurate adjustment for. Omaxi o+ for stresges greater than

3
Eocy.
Omaxy,g LOF extruded 755-T and R303-T aluminmm alloys (fig. 5) is not

congigtent elther with this analysls or with the less favorasble agreement
for the comparative results for Ocpieqy (8ee fig. L). Likewlse, the

The ursxpectedly good agreement between comperative results for

relatively poor agreement betweewn comparatlve results for Eﬁaxtest for

extruded 24S-T aluminum elloy (fig, 5) does not correspond to the very good
agreement for comparative results for Ucrtest for these materilals (see

£ig. 4). These contrasting results therefore indicate that the use of an
ad justment chart for Eﬁax%est’ employing a single curve and single

peremeter such as shown in figure 3, does not baslcally provide an accurate
method for adJjusting Eﬁaxtest' The method may suffice, however, as a rough,

convenlent way for adjusting Ehaxtest for some materiels and types of
plate assemblies.

Lengley Memorial Aeronautical Laboratory
Rational Advisory Committee for Aerondutics

Langley Field, Va., February 3, 1948

LY



NACA TN No. 1564 T

APPERNDIX
CONSTRUCTION COF CHARTS FOR ADJUSTING TEST RESULTS FCR

THE CRITICAL COMFRESSIVE STRESS

The cherts for adjusting test results for the critical compressive
gtress Ucrtes £ for differences in materisl propesrties have the same convenlent

form as thet given in the ANC-5 bulletin (reference 4). Detalls of the
procedure for constructing the charts arse outlined ag follows:

l. Select & valus of o In sccordence with the design specifilcations.

CYstd
In order to illustrate the procedure, = b1 ksl 1is chosen for extruded

Teyeta

2ks' aluminum alloy ("basis B," teble 55 of reference 4). The use of the
chart, however, is not restricted to this particular value of chst ar

2. Construct a compressive stress—strain curve having the selected
value of Ocygtd from s repregsentative compressive stress—strain curve for

the material, assuming the two curves to be affinsly relsted. (See fig. 6.)

3. Construct a family of compressive stréss—stra.in curves by like
methods Por assumed ratios of S0¥e g 1_‘/ of 0.90, 0.95, 1.00, « « .

%cYgta
1.20, and 1.25. (See fig. 6.)

L. The determination of the adjustment factor Kgr for given values of
g o and o c 1s illustrated by the followl xample :
oriost/ *Trest oThopt/ *Tgrg 18 1Llustrated by O--owing oxamp

Ocy. Ccr.
(a) Assums that ——95° = 1.95 and -%—JGPEE - 0.90. Then,
CY¥std Jtest
Oc =1.25 x 41 = 51.3 kel (point A, Pig. 6), and
Ytest
Ocryegy = 0+90 X 5L.3 = 46,2 ksi (point B, fig. 6).

(b) Esteblish point C (39.7 ksi, fig. 6) on the standard curve
directly below point B. The adjustment fector is then (see equation (1))

Ogtd 39.7
or = Troot " 565 0.860 (point D, fig. 1).
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Figure 4.— Gomparison of adjusted values of ocrye,; for extruded 75S-T and
24S-T H-sections with similar data for extruded R303-T and 24S-T.
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Figure 5.— Comparison of adjusted values of Gmaxiees fOr extruded 75S-T
and 24S-T H-sections with similar data for extruded R303-T and 24S-T.
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Figure 6.— Compressive stress—strain curves for extruded
24S-T aluminum alloy used in constructing the

chart (fig. ).



